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Many studies have shown that metal ions may lead to oxidative stress in biological systems.
Accordingly, DNA damage, protein modiﬁcation, enzyme inhibition and activation, lipid per-
oxidation and many other effects may occur in living organisms. Many different formations
of  metal ions may enter human cells along with water, air, and various foods, and humans
are  negatively affected by these conditions, either directly or indirectly. These effects may
cause irreversible damage to human metabolism. In this study, the toxicological effects of
heavy metals on carbonic anhydrase enzyme activity from the gilthead sea bream liver were
investigated. The carbonic anhydrase enzyme was puriﬁed via afﬁnity chromatography and
had  a speciﬁc activity of 6775.5 EU mg−1. The kinetics and characteristic properties, such as
optimum pH, stable pH, optimum temperature, activation energy (Ea), activation enthalpy
(H), Q10, Km, and Vmax, were determined for the puriﬁed enzyme SDS-polyacrylamide gel
electrophoresis showed a single band and molecular weight of the subunit was  approxi-mately 25 kDa. Cd(II), Cu(II), Ni(II) and Ag(I) inhibited the enzyme activity in vitro. The type
of  inhibition and Ki values for these metals were calculated from Lineweaver–Burk plots as
17.74  mM, 36.20 mM, 12.85 mM and 0.025 mM for Cd(II), Cu(II), Ni(II) and Ag(I), respectively.
onco
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1.  IntroductionMany  metal ions have important roles in the biological pro-
cesses of metabolism. Some metals such as iron, zinc, cupper,
Abbreviations: CA, carbonic anhydrase; SDS-PAGE, sodium dodecyl s
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calcium, function in the active site of the enzymes as lig-
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For example, zinc is critical for cells, and decreasing the
concentration of zinc may increase cellular DNA damage
(Jomova and Valko, 2011). Many enzymes contain Zn2+ with
 CC BY-NC-ND license.
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n their structures, such as carbonic anhydrase and sorbitol
ehydrogenase. Zinc deﬁciency results in many  metabolic
isturbances and body defects and causes the decreased pro-
uction of zinc-containing enzymes. Decreased quantities
f carbonic anhydrase causes metabolic imbalance, includ-
ng poor cellular respiration. Moreover, some enzymes, such
s paraoxonase contain multiple metal ions in their three-
imensional structure. Paraoxonase contains two calcium
ons. One calcium (II) ions has a role in the active site and
he other has a structural role. If either of the Ca2+ ions is
emoved from the enzyme, paraoxonase loses its enzymatic
ctivity. Notably, low concentrations of copper and lead have
een shown to cause disruption of Ca2+ homeostasis in ﬁsh
Viarengo, 1994), changes in ion regulation in various tissues
McGeer et al., 2000; Roger et al., 2003), an imbalance in plasma
on concentrations, and changes in osmoregulation capacity
Lauren and McDonald, 1987). Lauren and McDonald (1987)
bserved a relationship between copper and a decrease in the
oncentrations of Na+ and Cl− ions in Salmo gairdneri. In addi-
ion, another study observed that lead signiﬁcantly blocks the
ptake of Na+ and Cl− in Oncorhynchus mykiss (Roger et al.,
003). Heavy metals can alter enzymatic activities by binding
o functional groups, such as sulfhydryl, carboxyl and imid-
zole, or by displacing the metal associated with the enzyme
Viarengo, 1985). Excessive exposure to metal ions can cause
arious toxicological effects in many  organisms, including ﬁsh
nd humans indirectly. Because they feed on phytoplanktons,
eavy metals enter ﬁsh directly through the consumption of
hytoplankton. The concentration of heavy metals in ﬁsh is
elated to the feeding habits of the ﬁsh species. For instance,
ivaperumal and Sankar (2006) investigated the concentration
f heavy metals in commercially important species of ﬁsh,
hellﬁsh and ﬁsh products from ﬁsh markets in around the
ochin area. They showed the presence of different levels of
he metals Cd, Pb, Hg, Cr, As, Zn, Cu, Co, Mn,  Ni, and Se.
The toxicological effects of heavy metals are usually
nzyme inhibition and denaturation (Ekinci and Beydemir,
010b; Gulcin et al., 2005). Generally, the mechanism underly-
ng metal inhibition of the enzyme is based on heavy metal
inding to the protein. Metals particularly, bind sulfhydryl
roups in proteins and produce mercaptan. Metals can also
ause the depletion of glutathione. This causes disturbances
o the antioxidant capacity of the cell, thereby leading to
he occurrence of reactive oxygen species (ROS). Human
etabolism is affected by metal toxicity, either, directly or
ndirectly. Indirect metal toxicity is particularly critical to
uman beings and arises from fresh water, sea, air, indus-
rial factors and foods. Fish consumption is signiﬁcantly high
orldwide; therefore, metal-induced diseases, such as cancer,
ardiovascular disease, diabetes, atherosclerosis, neurologi-
al disorders, Alzheimer’s disease and Parkinson’s disease,
hronic inﬂammation and others, have increased (Jomova and
alko, 2011).
Carbonic anhydrase (CA, carbonate hydrolyase, EC 4.2.1.1)
s the key enzyme for acid–base balance, respiration, car-
on dioxide and ion transport, bone resorption, ureagenesis,
luconeogenesis, lipogenesis and body ﬂuid generation in a
ariety tissues of living organisms (Balaydın et al., 2012). The
inc-containing enzyme catalyzes the reversible hydration of
arbon dioxide in a two-step reaction to yield bicarbonate m a c o l o g y 3 6 ( 2 0 1 3 ) 514–521 515
and protons. CA is expressed in almost all tissues. There-
fore, inhibition of the enzyme has detrimental results for
living organisms. Additionally, the enzyme may be used as a
biomarker for metal toxicology.
In this study, the CA enzyme was puriﬁed from the liver
of the gilthead sea bream (Sparus aurata)  and the toxicological
effects of heavy metals on the activity of this enzyme were
calculated. This metalo-enzyme is quite common among all
organisms, and CA and its isozymes have been puriﬁed from
many various sources. Thus far, the enzyme has been puri-
ﬁed from crab gills (Bottcher et al., 1994), zebraﬁsh (Peterson
et al., 1997), ﬂounder (Platichthys ﬂesus) red blood cells (Sender
et al., 1999), eel (Anguilla Anguilla) (Lionetto et al., 2000), salmon
species (Oncorhynchus masou)  (Tohse and Mugiya, 2001), rain-
bow trout erythrocytes (Hisar et al., 2003), rainbow trout
tissues (Soyut and Beydemir, 2008, 2012; Soyut et al., 2008,
2012), sturgeon erythrocytes (Kolayli et al., 2011), and sea bass
gill and liver (Erdem et al., 2011). Particularly, many  studies
of the puriﬁcation and inhibition kinetics of various enzymes
have been performed in our laboratory (Ekinci et al., 2007;
Beydemir et al., 2003; Isgor and Beydemir, 2010).
Our study focused on the puriﬁcation of CA from the
gilthead sea bream liver in a single simple step using
Sepharose-4B-L tyrosine-sulfanilamide afﬁnity chromatogra-
phy. Additionally, we  determined several kinetic properties,
such as optimum pH, stable pH, optimum temperature Ea,
H, Q10, Km and Vmax of the enzyme. The IC50 values, Ki val-
ues and inhibition types for Cd(II), Cu(II), Ni(II) and Ag(I) were
calculated from Lineweaver–Burk plots.
2.  Methods  and  materials
2.1.  Chemicals
CNBr-activated Sepharose 4B, protein assay reagents, 4-
nitrophenylacetate and chemicals for electrophoresis were
purchased from Sigma–Aldrich Co. (Sigma–Aldrich Chemie
GmbH Export Department Eschenstrasse 5, 82024 Taufkirchen,
Germany). Para-aminobenzene sulfonamide and l-tyrosine
were purchased from Merck (Merck KGaA Frankfurter Strasse
250, D-64293 Darmstadt, Germany). All other chemicals
were of analytical grade and were obtained from either
Sigma–Aldrich or Merck.
2.2.  Sea  bream  (S.  aurata)
The gilthead sea bream (S. aurata)  ﬁsh were obtained from a
commercial ﬁsh farm in the Mediterranean region in Turkey.
Sea bream has a very high economic value because of its
high protein/low-fat ratio in terms of nutritional value and
its suitability for aqua culture. Today, sea bream (S. aurata)  are
successfully produced in Turkey, Greece and Spain.
2.3.  Sample  homogenate  preparationLiver samples were removed from each ﬁsh. The livers were
washed 3 times with 0.9% NaCl, an isotonic saline solution.
The liver cells were lysed by immersion in liquid nitrogen.
The lysed sample was then transferred to a buffer solution
 d p h516  e n v i r o n m e n t a l t o x i c o l o g y a n
containing 25 mM Tris–HCl and 0.1 M Na2SO4, (pH 8.7) and cen-
trifuged 100,000 × g for 60 min  at 4 ◦C. The supernatant was
centrifuged again and the second supernatant was used in
the subsequent studies (Soyut et al., 2008; Soyut and Beydemir,
2008).
2.4.  Enzyme  puriﬁcation  and  afﬁnity  chromatography
The pH of the homogenate was adjusted to 8.7 using solid Tris.
A 50 ml  aliquot of the supernatant was applied to an afﬁnity
column (1.36 × 30 cm)  Sepharose-4B-L tyrosine-sulfanilamide
afﬁnity gel prepared according to the published method
(Bulbul et al., 2003). The puriﬁed enzyme was dialyzed for
against 0.05 M Tris–SO4 and 1 mM 2-mercaptoethanol (pH 7.4)
for 24 h. All procedures were performed under cold condi-
tions. The protein concentrations in the column efﬂuents were
determined spectrophotometrically at 280 nm.  The purity was
veriﬁed by SDS-PAGE, which showed a single band at approx-
imately 25.3 kDa (Laemmli, 1970).
2.5.  Esterase  activity  assay
The gilthead sea bream liver carbonic anhydrase activity was
determined by following the change in absorbance at 348 nm
of p-nitrophenylacetate to p-nitrophenolate over a period of
3 min  at 25 ◦C using a spectrophotometer (CHEBIOS UV-VIS)
according to the method described by Verpoorte et al. (1967).
The enzymatic reaction occurred; in a total volume of 3.0 ml,
containing 1.4 ml  0.05 M Tris–SO4 buffer (pH 7.4), 1 ml  3 mM
p-nitrophenylacetate, 0.5 ml  H2O and 0.1 ml  enzyme solution.
The control did not contain enzyme solution.
2.6.  Protein  determination
The protein was quantiﬁed spectrophotometrically at 595 nm
during the puriﬁcation steps according to the Bradford method
using bovine serum albumin as the standard (Bradford, 1976).
2.7.  Optimum  pH  determination
For the optimum pH determination, the esterase activity was
measured in 1 M Tris–SO4 buffers ranging from pH 7.0 to 9.0
and 1 M phosphate buffers ranging from pH 5.0 to 8.0.
2.8.  Stable  pH  determination
The enzyme activities were measured in 1.0 M Tris–SO4 (pH
7.0–9.0) and 1.0 M phosphate buffer (pH 5.0–8.0) to deter-
mine the stability of the CA. The activity measurements were
performed at 6 h intervals during a 3-day incubation using
4-nitrophenylacetate as the substrate under optimum condi-
tions.
2.9.  Optimum  ionic  strength  determinationThe enzyme activities were determined using different con-
centrations of Tris–SO4 buffer, pH 7.5, in the ranging from
0.01 M to 1 M. a r m a c o l o g y 3 6 ( 2 0 1 3 ) 514–521
2.10.  Optimum  temperature,  Ea,  H, and  Q10
determination
To determine the optimum temperature, activation energy
(Ea), activation enthalpy (H), and Q10 values (the difference
in enzyme activity caused by an increment of 10 ◦C) of the
CA, the gilthead sea bream (S. aurata) liver CA activities were
measured at different temperatures ranging from 0 to 80 ◦C.
The different temperatures were obtained using a constant-
temperature circulator for temperatures above 20 ◦C. The 0 ◦C
measurements were performed in an ice water bath. For the
experiments, all the components of the activity assay were
ﬁrst brought to the desired temperature (20–80 ◦C). The reac-
tion was then initiated by the addition of enzyme. A plot of the
log k vs. 1/T  was used to determine the optimum temperature,
Ea, H, and Q10 (Soyut and Beydemir, 2008, 2012).
2.11.  Kinetic  studies
Kinetic studies to determine the Km and Vmax values were per-
formed at room temperature and optimum pH in 3 ml  reaction
mixtures as described above. Five different concentrations
of 4-nitrophenylacetate (0.15, 0.30, 0.45, 0.60 and 0.75 mM)
were used. The Km and Vmax values were determined from
a Lineweaver–Burk plot of the kinetic data (Lineweaver and
Burk, 1934).
2.12.  Toxicological  effects  and  in  vitro  inhibition  studies
The inhibitory effects of cadmium, copper, nickel and silver
(Merck) were evaluated. All compounds were tested in tripli-
cate at each concentration used. The different concentrations
of the inhibitors were determined according to our prelimi-
nary assays. The enzyme activities were measured for cuvette
concentrations of Cd(NO3)2·4H2O (5, 10, 20, 25 and 30 mM),
Cu(NO3)2·2.5H2O (10, 30, 50, 80 and 100 mM),  NiSO4 (1, 3, 5, 8
and 10 mM)  and AgNO3 (0.005, 0.015, 0.025, 0.035 and 0.05 mM).
The control enzyme activity in the absence of inhibitor was set
at 100%. For each inhibitor, an activity% vs. concentration of
inhibitor was plotted. Metal concentrations that produced 50%
inhibition (IC50) were calculated from the graphs.
To determine the Ki values, the following three different
inhibitor concentrations were tested: Cd(NO3)2·4H2O: 10, 20
and 30 mM;  Cu(NO3)2·2.5H2O: 10, 50, and 100 mM;  NiSO4: 1,
5, and 10 mM;  and AgNO3: 0.005, 0.025 and 0.05 mM.  In these
experiments, 4-nitrophenylacetate was used as the substrate
at ﬁve different concentrations (0.15, 0.3, 0.45, 0.6 and 0.75 mM
for Cd(NO3)2·4H2O, Cu(NO3)2·2.5H2O, NiSO4 and AgNO3). The
Lineweaver–Burk plots were used for determination of the Ki
and the type of inhibition (Lineweaver and Burk, 1934).
3.  Results  and  discussion
Environmental pollution is deﬁned as environmental prob-
lems that adversely affect the function, activity and actions of
all living things and underlies many  diseases, such as cancer.
An important group of pollutants is heavy metals. Exces-
sive metal concentrations in natural ecosystems are usually
associated with anthropogenic activities. These activities may
e n v i r o n m e n t a l t o x i c o l o g y a n d p h a r m a c o l o g y 3 6 ( 2 0 1 3 ) 514–521 517
Scheme 1 – The summary of the oxidative damage
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Fig. 1 – Sodium dodecyl sulfate-polyacrylamide gel
electrophoresis (SDS-PAGE) analysis of puriﬁed carbonic
anhydrase. Lane 1: molecular-mass markers (kDa): E. coli
-galactosidase (116), rabbit phosphorylase B (97.4), bovine
serum albumin (66), chicken ovalbumin (45) and bovine
carbonic anhydrase (29) (Sigma: MW-SDS-200). Lanes 2 and
3: Sepharose-4B-L tyrosine-sulfanilamide afﬁnity gel
chromatography results for gilthead sea bream (Sparus
that are produced during oxidative stress. Alzheimer’s dis-
ease includes lipid peroxidation, protein oxidation and DNA
oxidation, which are pathways and mechanisms of oxidativeechanism.
nclude mining, smelting, reﬁning, metal reprocessing, fuel
ombustion and waste incineration (Lapointe and Couture,
010). Irresponsible use of natural resources by humans results
n destruction of the natural balance. Particularly, metals,
cids, bases and various toxic compounds are released into
ivers, seas and the atmosphere by factories or other dif-
erent activities (Soyut and Beydemir, 2012). These toxic
ubstances affect almost all living beings including humans,
ither directly or indirectly. Freshwater and marine ﬁshes
re directly affected by toxic materials, such as pesticides,
ye waste, organophosphates and waste chemicals, including
etals. Metal toxicity can cause oxidative stress by increas-
ng the formation of reactive oxygen species (ROS). Oxidative
tress is important for all biological systems because it causes
mbalances in cellular metabolism. Therefore, detoxiﬁcation
nd repair mechanisms in cells can be devastated by oxidative
tress (Chervona and Costa, 2012). The pathogenesis of oxida-
ive stress is based on free radicals and inﬂammatory factors
Scheme 1). ROS, such as superoxide anion (O2•−), hydroxyl-
adical (•OH), hydrogen peroxide (H O ), and singlet oxygen2 2
1O2) can have dangerous effects on metabolism and may
ause harm to DNA, lipids and proteins, including enzymes
Chervona and Costa, 2012). Therefore, oxidative stressaurata)  liver carbonic anhydrase.
reduces the quality of life and may cause fatal diseases, such
as cancer, cardiovascular disease, Alzheimer’s disease and
other physiological disturbances (Akcay et al., 2003; Anekonda
et al., 2011). It has been hypothesized that Alzheimer’s dis-
ease, a neurodegenerative disease, is cause by free radicalsFig. 2 – Standard Rf–log MW graph of CA using the
SDS-PAGE results. The subunit molecular weight of the
gilthead sea bream (S. aurata) liver CA was calculated as
25.3 kDa.
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Fig. 3 – Kinetic studies for the carbonic anhydrase puriﬁed
from gilthead sea bream (S. aurata) liver. (a) Effects of pH on
enzyme activity (b) Stable pH graphs of carbonic anhydrase
activity in 1 M Tris–SO4 buffer. (c) Effects of temperature on
Several kinetic parameters, such as the Ea, H and Q10 values518  e n v i r o n m e n t a l t o x i c o l o g y a n
damage in Alzheimer’s disease (Zhi-you and Yong, 2007). Metal
toxicity as an environmental impact factor is particularly crit-
ical in Alzheimer’s disease. For example, Zhi-you and Yong
(2007) observed that Al3+ or other more  complicated forms of
Al cause oxidative stress. These forms induce lipid peroxida-
tion in liposomes and cause cellular damage through oxidative
stress that affects membrane ﬂuidity (Zhi-you and Yong, 2007).
Similarly, many  metal ions or their complexes may cause sim-
ilar pathologies in biological systems.
It is well known that chemical substances exert their toxic
effects via enzyme inhibition, and the mechanism of enzyme
inhibition is based on binding of the metal to the protein. Par-
ticularly, metals bind to the sulfydryl groups of the protein to
produce mercaptan. Additionally, this toxic effect may deplete
glutathione, which results in a decrease of the antioxidant
capacity of the cell. Because of this, enzyme inhibition exper-
iments are important for toxicology studies. For instance,
silver is a potent inhibitor of the Na+/K+ ATPase, and inhi-
bition occurs upon the binding of Ag+ to the Na+/K+ ATPase
sulfhydryl (SH) groups (Hussain et al., 1994). The inhibitory
mechanisms of other metals are similar to each other, and
our laboratory has performed studies in this area. For exam-
ple, Soyut et al. (2012) investigated the effects of Co2+, Cu2+,
Zn2+, and Ag+ on the carbonic anhydrase (CA) activity from
rainbow trout (O. mykiss)  muscle. Moreover, they showed
the effects of these metals on the expression of the heat
shock protein 70 (Hsp70) gene in muscle tissue using real-
time quantitative PCR (RT-PCR). They found that Co2+ is a
competitive inhibitor but that the other metals are noncom-
petitive inhibitors of the rainbow trout CA. They determined
the inhibition order as Co2+ > Cu2+ > Zn2+ > Ag+ (Soyut et al.,
2012). In addition, we  puriﬁed CA from rainbow trout liv-
ers and brains in our previous studies. The effects of Co2+,
Cu2+, Zn2+ and Ag+ were investigated, and the inhibitory
effects of Cd2+ on brain tissue were also evaluated. The
inhibition rank was Ag+ > Co2+ > Cu2+ > Zn2+ for liver tissue
and Co2+ > Zn2+ > Cu2+ > Ag+ > Cd2+ for brain tissue (Soyut and
Beydemir, 2008; Soyut et al., 2008).
In the present study, the toxicological effects of heavy
metals on carbonic anhydrase activity from the gilthead
sea bream liver were determined. The gilthead sea bream,
a marine ﬁsh, is of high economic value in Mediterranean
coastal waters and is important for aquaculture because of
its good market price, high survival rate and feeding habits
(Reyes-Becerril et al., 2011). In this study, carbonic anhy-
drase was puriﬁed from the gilthead sea bream liver by a
simple single step method using a Sepharose-4B-L tyrosine-
sulfanilamide afﬁnity column. The puriﬁed CA had a speciﬁc
activity of 6775.5 EU mg−1 and an overall yield of 9.1%. The
enzyme was puriﬁed approximately 354-fold (Table 1). CA
has been puriﬁed from many  sources, including ﬁsh, using
many  different puriﬁcation methods. In our previous studies,
CA was puriﬁed from rainbow trout liver, kidney, mus-
cle and brain with speciﬁc activities of 4318, 17285, 2300
and 2275 EU mg−1 protein, respectively, by Sepharose-4B-L
tyrosine-sulfanilamide afﬁnity gel chromatography. Overall,
the enzymes were puriﬁed approximately 2260, 1800, 1080
and 1283-fold from the rainbow trout liver, kidney, muscle
and brain, respectively (Soyut and Beydemir, 2008, 2012; Soyut
et al., 2008, 2012).enzyme activity.
The purity of the gilthead sea bream liver CA was veriﬁed
by SDS-PAGE and yielded only one polypeptide band (Fig. 1).
In addition, the subunit molecular weight of the enzyme
was determined as approximately 25.3 kDa. CA is generally a
monomer in vertebrate organisms (Fig. 2). The optimum pH
and stability for gilthead sea bream liver CA were found to be
7.5 and 8.0 in 1 M Tris–SO4 buffer, respectively (Fig. 3a and b).of the gilthead sea bream liver CA were determined for the
ﬁrst time in this study. The Ea, H and Q10 values were 1.665,
1.023 and 1.37, respectively (Table 2). In our previous study of
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Table 1 – Summary of the puriﬁcation procedure of CA from gilthead sea bream (Sparus aurata)  liver.
Puriﬁcation step Activity
(EU/ml)
Total
volume
(ml)
Protein
(mg/ml)
Total
protein
(mg)
Total
activity
(EU)
Speciﬁc
activity
(EU/mg)
Yield (%) Puriﬁcation
factor
Hemolysate 260 21 13.573 285.033 5460 19.15 100 1
Sepharose-4B-L
tyrosine-sulfanilamide afﬁnity
chromatography
166  3 0.0245 0.0735 498 6775.5 9.1 354
Fig. 4 – Km, Vmax and Ki graphs for the carbonic anhydrase puriﬁed from gilthead sea bream (S. aurata) liver. (a)
Lineweaver–Burk graph with ﬁve different 4-nitrophenylacetate concentrations. (b), (c), (d) and (e) Lineweaver–Burk graphs
w ns a 2+ 2+ 2+ +
d
t

T

1
tith 5 different substrate (4-nitrophenylacetate) concentratio
etermination of the Ki values for Cd2+, Cu2+, Ni2+ and Ag+.
he kidney, muscle and liver tissues of rainbow trout, the Ea,
H and Q10 values were calculated using an Arrhenius graph.
he Ea values of these tissues were 8.05, 6.36 and 2.88, the
H values were 7.46, 5.77 and 2.288, and the Q10 values were
.67, 1.56 and 1.53 for the kidney, muscle and liver, respec-
ively. When these were compared to our previous results,nd 3 different Cd , Cu , Ni and Ag concentrations for
the values for the gilthead sea bream liver CA was similar
to the Ea, H and Q10 values for the RT liver. The gilthead
sea bream liver tissue values for Ea, H and Q10 were similar
to the rainbow trout values (Soyut and Beydemir, 2008, 2012;
Soyut et al., 2012). Cd2+, Cu2+, Ni2+ and Ag+ were used for the
in vitro toxicological studies. The CA activity measurements
520  e n v i r o n m e n t a l t o x i c o l o g y a n d p h
Table 2 – Kinetic properties of CA from gilthead sea
bream (S. aurata)  liver.
Substrate p-nitrophenylacetate
Optimum pH 7.50
Stable pH 8.50
Optimum temperature (◦C) 50.0
Activation energy (Ea) (kcal/mol) 1.665
Activation enthalpy (H) (kcal/mol) 1.023
Q10 1.37
Km (mM) 0.497
Vmax (mol min−1) 0.171
Table 3 – IC50, Ki values and inhibition type for 5
inhibitors of gilthead sea bream (S. aurata) liver CA.
Inhibitors IC50
(mM)
Ki
(mM)
Average
values of Ki
(mM)
Type of
inhibition
Cd2+ 21.3
13.90
17.74 Noncompetitive21.85
17.40
Cu2+ 69
42.30
36.2 Noncompetitive27.77
38.61
Ni2+ 6.3
4.270
12.85 Noncompetitive22.02
12.28
rAg+ 0.0169
0.014
0.025 Noncompetitive0.033
0.029
were performed using the esterase activity method with p-
nitrophenylacetate as a substrate. The results showed that
Ag+ had the highest inhibition rate. The inhibition order of
the metals was Ag+ > Ni2+ > Cd2+ > Cu2+. All the metal ions were
noncompetitive inhibitors of CA (Fig. 4).
In conclusion, the gilthead sea bream has very high eco-
nomic value because of its high protein/low-fat ratio in terms
of nutritional value and because it is successfully produced in
Turkey, Greece and Spain. Additionally, this ﬁsh is consumed
as an important source of protein. Because of this, it is nec-
essary to investigate the effects of heavy metal pollution on
this ﬁsh to protect the ecological balance and human health.
Therefore, CA was puriﬁed from the gilthead sea bream liver
for the ﬁrst time using a simple afﬁnity technique. The enzyme
was obtained in a single step with a high speciﬁc activity. The
kinetic properties of the enzyme were also determined and
the inhibitory effects of several metals on the activity of CA
were evaluated (Table 3).
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